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COMPLETE SPECIFICATION 
Process for Producing Methanol Synthesis Gas 



We, Metallgeseixschaft Aktien- 
gesellSCHaft, of 14, Reuterweg, Franfc- 
furt-on-the-Main, Germany, a body corpor- 
ate organised under the Laws of Germany, do 
hereby declare the invention for which we 
pray that a patent may be granted to us, and 
the method by which it is to_ be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to a process for 



1!) 



Recently, narural gas has been increasingly 
used as a starting material in the production 
of methanol synthesis ga ..'.J sulphur-free 

15 natural gas is available for this purpose. Most 
of the natural gases which can be used in 
practice consist mainly of methane and owing 
to their C:H ratio cannot be used to produce 
a methanol synthesis gas by cracking with 

20 steam in a tube heater without a supply of 
extraneous carbon and /or elimination of sur- 
plus hydrogen, unless methanol is produced 
from an entirely non-stoichiometric mixture of 
carbon monoxide and hydrogen. 

25 The following primary reactions take place 
during the production of methanol 

(1) CO+2H = ->CH 3 OH 

(2) CO : +3Hr^CH 3 OH+HiO 

Thus, two moles of hydrogen are required 
30 for each mole of carbon monoxide and three 
moles of hydrogen for each mole of carbon- 
dioxide. In synthesis gas for producing meth- 
anol, die H 3 : C mole ratio should be at least 
2.0. In view of the proportion of carbon 
35 dioxide in the crude gas, a gas mixture is 
preferably used which meets the condition 

(H s -CO,):(CO+CO*)=2:l to 2.4:1 



In the cracking of methane with steam, 
three moles of hydrogen are formed for each 
mole of carbon monoxide and four moles 
of hydrogen for each mole of carbon dioxide 
by the reactions: 

(3) a^+HjO-^CO+SH, 

(4) CH, +2EO->00,+4H, 

When methane is cracked with oxygen, 2 
moles of hydrogen are formed per mole of 
methane by the reactions 

(5) CH+1CV->C0+2H S 

(6) CH 4 +0!r->COi+2H 

When steam is used for cracking, the 
cracked gas thus contains a surplus of hydro- 
gen whereas there is a surplus of carbon when 
oxygen is used as a cracking agent. The sur- 
plus carbon can easily be eliminated by scrub- 
bing the cracked gas to remove carbon di- 
oxide. The removal of hydrogen from a gas 
mixture is fairly difficult in practice a 
uneconomical, even if the surplus 
is used for other purposes. 

For this reason, the reverse procedure is ' 
preferred in practice and there is an addition 
of extraneous carbon to the process of crack- 
ing methane with steam rather than a removal 
of hydrogen from the cracked gas. This car- 
bon is usually added in the form of carbon 
dioxide, which may be taken from the surplus 
of other processes, e.g., from the production 
of ammonia synthesis gas, and is preferably 
recovered from the flue gases of the tube 
heater in which the methane is cracked. Be- 
cause natural gas is suitably employed also 
as a fuel for heating the tube heater, the 
flue gas is free of sulphur. 



In a number of chemical scrubbing pro- 
cesses for the recovery of carbon dioxide from 
flue gases, aqueous solutions of alkali metal 
carbonates or of alkali metal salts of weak 

5 organic acidsj or organic bases, which may 
be in the form of an aqueous solution, are 
used as absorbents. 

When carbon dioxide is scrubbed from 
flue gases with a solution of sodium carbonate 

10 or potassium carbonate, the scrubbing agent 
must be used at a high rate because it has 
only a small absorption capacity, and ex- 
pensive equipment and a high consumption of 
steam and electric power are involved. When 

15 absorbent solutions are used which have an 
alkaline reaction and contain organic compon- 
ents, such as alkylamines, alkanolamines or 
alkali metal salts of weak organic acids, 
the oxygen contained in the flue gas results 

20 in a considerable decomposition of the ab- 
sorbent. This leads to considerable losses 
of scrubbing agent and a high risk of cor- 
rosion. 

It has now been found that oxygen can be 

25 removed from the flue gas in an _ extremely 
simple and economic manner with means 
which are available in the plant itself so that 
the capital cost and operating cost involved 
in the scrubbing to remove carbon dioxide are 

30 much reduced. 

According to the present invention there 
is provided a process for producing methanol 
synthesis gas, wherein a normally gaseous 
hydrocarbon is cracked with steam and carbon 

35 dioxide in a cracking furnace, and wherein 
the carbon dioxide to be introduced into 
the cracking process is recovered from the 
flue gas of the cracking furnace when said 
flue gas has been treated to be free of oxygen, 

40 the carbon dioxide being introduced into the 
cracking process in an amount such as to 
provide an H a :C mole ratio of at least 

In one embodiment of the present process, 

45 the flue gas which is exhausted from the com- 
bustion chamber of the cracking furnace and 
has been cooled to temperatures between 100° 
and 450° C. in a waste heat boiler or mixture 
preheater contains about 1 to 5% oxygen and 

50 is mixed within a so-called flue gas duct with 
a combustible gas and passed over a platinum- 
containing catalyst, which 'is provided in 
said flue gas duct. The oxygen contained in 
the flue gas is then consumed for :he^ oxida- 

55 don of the combustible gas which is sup- 
plied. The resulting temperature rise in the 
flue gas is utilized for an additional produc- 
tion of steam. The combustible gas consists 
preferably of a waste product of high-carbon 

60 content obtained in the production of meth- 
anol, e.g., a fiashed-off gas from a methanol 
distillation plant, or dimethyl ether recovered 
from the distillation of crude methanol. 
In general, the free oxygen which is still 

65 contained in the crude flue gas may b» con- 



sumed by a thermal or catalytic reaction with 
combustible gases which are admixed _ into 
the hot, crude flue gas, preferably with residual 
gases from the methanol synthesis and/or the 
distillation of the crude methanol, and the 70 
carbon dioxide is subsequently recovered from 
the flue gas in that the latter is scrubbed 
with an absorbent solution and said solution 
is regenerated. 

The carbon dioxide recovered from the 75 
oxygen-free flue gas is added at such a rate 
to the gaseous hydrocarbons to be cracked 
that an H.:C mole ratio of 2:1 is obtained 
in the synthesis gas. For this purpose, it may 
be sufficient to use only a partial stream of 80 
the flue gas from the cracking furnace for 
a recovery of carbon dioxide after a removal 
of oxygen. 

An important advantage of the present 
process resides in that the cracking furnace 85 
delivers directly a synthesis gas having the 
proper H ; :C ratio. It is sufficient to cool 
said gas so as to remove steam as conden- 
sate and then to compress the gas before it 
can be used for synthesis. _ 90 

Because the cracking furnace is generally 
heated with the gaseous hydrocarbons which 
are also the feed for the cracking process, 
the flue gas is free of sulphur. If the natural 
gas or the like which is available still con- 95 
tains sulphur, it may be desulphurized by 
known methods, e.g., by contact with zinc 
oxide. . 

In order to remove carbon dioxide from 
the flue gas which has been treated to be free 100 
of oxygen said gas may be scrubbed with an 
absorbent solution having an alkaline reac- 
tion, e.g., with an alkanolamine having a high 
absorption capacity. This practice will not 
involve a risk of a deterioration of the ab- 105 
sorbent by oxidation nor an increased risk 
of corrosion. 

Because the object of the scrubbing treat- 
ment to remove carbon dioxide is only to 
recover said carbon dioxide rather than to no 
produce a scrubbed flue gas having a mini- 
mum residual concentration of carbon dioxide, 
an intense regeneration of the absorbent is 
not required. For this reason, the scrubbing 
plant for the recovery of carbon dioxide may H5 
be simple in design and comparatively small. 

In order to enable the invention _ to be 
more readily understood, reference will now 
be made to the accompanying drawing which 
is a flow diagram representing by way of 120 
example a plant for carrying out the process 
according to the invention. 

The plant shown in the drawing consists 
essentially of a tube heater 6, a scrubbing 
plant comprising an absorption tower or scrub- 125 
ber 45 and a regenerating tower 52, a steam 
boiler 32 with heaters 25 and 28 in a flue 
gas duct 24 of the tube heater, and an actual 
synthesis plant 15. 

Pure methanol is delivered from the «yn-. 130 
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T D , ed " compressor 13, m which it is compressed to 

ine gas which has been withdrawn from abour 320 kg/sq.cm. superatmospheric pres- 

in ^V^r • S cyc l e ? passed throu S h a con - surc > 31,(1 is then fed trough a conduit 14 

10 <imt i7 into a fuel conduit 18 leading to to the. methanol synthesis plant 15 

the tube heater to which combustion air is In the methanol synthesis plant, 'the reac- 

supphed by a compressor 20 through a con- tents carbon dioxide, carbon monoxide and 

duit 21. A feed water supply conduit 33 hydrogen are reacted in known manner to 

i«: fT t0 i- b0ller 32 = and ^ aseous P roduce "H** methanol, which is separated 

15 hydrocarbons to be cracked ar e introduced into its main constituents methanol water 

into the plant through a conduit 1. and dimethyl ether in known manner by dis- 

The operation of the plant shown in the tiIiation - 
drawing will now be described in the follow- 
ing Examples of which Example 1 is in 
20 accordance with the invention and Example 
2 is comparative. 



Example 1 
Under a pressure of 11 kg./sq.cm. super- 
atmospheric pressure, methane at a rats of 
25 4000 standard cubic metres per hour from 
conduit 1 and carbon dioxide at a rate of 
1100 standard cubic metres per hour from 
a conduit 58 are mixed and supplied to a 
preheater 2, in which the mixture of methane 
30 and carbon dioxide is heated to about 250° C, 

When this mixture has left the prehcater 



Pure methanol at a rate of 6250 kilograms 
per hour, water at a rate of 1000 kilograms 
per hour and dimethyl ether at a rate of 72 
kilograms per hour are produced from the 
cracked gas. From the gas cycle of the meth- 
anol synthesis gas, purge gas having the fol- 
lowing composition: 



CO.. 
CO 
Hj 
CH, 



1.0% by volume 
6.0% by volume 
75.0% by volume 
18.0% by volume 

I off at a rate of 1000 standard 90 



through T conduT'V'steam 1 S7S?rf ~ ? Sfij ?W b flashed t0 * 

7000 kilograms per hour and under a pref ffeST A^ med Mf&KTS 

Z i iW 8q - m - su P? rat ™ s P hcnc Pr«- «*en the crude methanol is processed by £ 

Zt Thf ^ f CW ! dffit 35 1° the > X - tiUation > having the Mowing compS- 

ture. The mixture of methane, carbon dioxide tion:— B wmposi 

and steam enters a heater 4, where it is 



heated to 450° C. and flows throng 
duit 5 into the cracking tubes of the tube 
heater 6 where it is cracked with the appli- 
cation of extraneous heat and under a pressure 
of 7 kg./sq.cm. superatmospheric pressure 
and at a reaction temperature of 850° C 
to produce a gas having the following approxi 
mate composition: 



CO- 
CO 
H< 
CH, 



26.0% by volume 
6.0% by volume 
36.0% by volume 
32.0% by volume 



100 



CO- 
CO 

H 2 
CH, 



8.24% by volume 
20.85% by volume 
68.81% by volume 

2.10% by volume 



are flashed off at a rate of 280 standard cubic 
metres per hour. 

Whereas methanol leaves the plant through 
the conduit 16, the purge gas is supplied 
through the conduit 17 to the fuel ga s con- 105 
duit 18, where it is mixed with methane 
supplied at a rate of 1720 standard cubic 
metres per hour. The mixture is supplied 
T l „ , , , . , . to the burners 19 of the tube heater 6 Com- 

at a rate of 16,500 standard cubic metres per metres s supplied to the burners 19 bv the 
hour contains steam at a rate of 4000 kilo- blower 20 in the e^^T^lXSZ 
!^L P J h °T Th f mi ? tUre of J cracked 22 aild 3 ceding conddt 23 X com 

a cracked gas waste heat boiler 8, where it rng composition: m« 

is cooled to about 480° C. by heat exchange 115 
with boiling water. From the boiler 8, the 

cracked gas flows to the heater 4 and from CO-. 8.05 % bv volume 

the latter through the conduit 7 to the pre- O. ' i w hlw, 

> heater 2. The cracked gas flows subsequent £ 7167%W™ 

through a conduit 10 into a cooler 11, where HiO 18 55% by vSme 



at a rate of 25,600 standard cubic metres 
per hour. 

The flue gas leaving the combustion cham- 
ber of the tube heater through the flue gas 

5 duct 24 is at a temperature of 970° C. and 
is cooled in a first waste heat boiler 25 to 
about 380° C. by heat exchange with boiling 
water, Flashed-off gas flowing at a rate of 
280 standard cubic metres per hour from 

10 the methanol plant, and dimethyl ether at a 
rate of 72 kilograms per hour, ar e added to 
the flue gas flowing in the flue gas duct from 
the conduit 26. The resulting mixture is re- 
acted with the oxygen contained yi tttt flue 

15 gas in contact with a platinum-containing 
catalyst 27 disposed in die flue gas duct. 
The resulting combustion of the flashed-off gas 
and the dimethyl ether with consumption of 
the oxygen increases the flue gas rate to 

20 25,780 standard cubic metres per hour and 
results in a gas of the following composi- 
tion r — 

CO, 8.9% by volume 

N, 71.2% by volume 

25 H,0 19-9% by volume 

The heat of combustion which is released 
increases the temperature of the flue gases to 
600° C. In the second waste heat boiler 28, 
which is also contained in the flue gas duct, 

30 the flue gas is cooled to 380° C. by heat 
exchange with boiling water. The two waste 
heat boilers 25 and 28 as well as the cracked 
gas waste heat boiler 8 are connected by 
pairs of risers and downcomers 29, 30 and 

35 31 to "the steam drum 32, which is fed from 
a conduit 33 with preheated feed water and 
from which the resulting steam is withdrawn 
through a conduit 34. The steam is partly 
added through the conduit 35 to the mixture 

40 of methane and carbon dioxide and is partly 
supplied through a conduit 36 to other con- 
sumers, such as the methanol distilling unit 
and the regenerator of the scrubbing stage 
for the carbon dioxide removal. 

45 The flue gas flows also through the air 
preheater 22, where it is cooled to about 
150° C, whereas the combustion air is heated 
at the same time to 325° C. From the air 
preheater 22, the flue gas flows through a 

50 conduit 37 to a flue gas blower 38, which 
maintains the desired subatmospheric pres- 
sure in the combustion chamber of the tube 
heater. From the flue gas produced at a rate 
of 25,780 standard cubic metres per hour, 

55 13,080 standard cubic metres per hour are 
discharged without further cooling into the 
atmosphere through a conduit 39. The re- 
mainder amounting to 12,700 standard cubic 
metres per hour is supplied through a conduit 

60 40 to a cooler 41, where the steam contained 
in the flue gas is condensed and the flue 
gas is cooled to about 40° C. The flue gas 
remaining after the removal of steam amounts 



to 10,200 standard cubic metres per hour and 
has the following composition: 65 

CO, 11.1% by volume 

M s 88.9% by volume 

This flue gas is supplied through a conduit 
42 to a blower 43, where the pressure of the 
gas is increased by about 900 millimetres 70 
water. The compressed gas is introduced by a 
conduit 44 into the scrubber 45. 

In this scrubber, carbon dioxide is removed 
from the flue gas to a residual content of 
about 2% by treatment with an absorbent 75 
alkaline solution which trickles down the 
scrubber. Carbon dioxide at a rate of 1100 
standard cubic metres per hour is absorbed 
by the absorbent solution. The remainder, 
consisting of 22 standard cubic metres CO* 80 
per hour together with 9,078 standard cubic 
metres nitrogen per hour, is discharged 
through a conduit 47 is fed by a pump 48 
through a conduit 49 to a heat exchanger 50, 
where the solution is heated. From the heat 85 
exchanger 50, the solution flows through a 
conduit 51 to the upper portion of the re- 
generator 52 and trickles through the latter 
from top to bottom. A steam-heated reboiler 
53 connected to the lower portion of the re- 90 
generator causes the absorbent solution to boil. 
The rising steam causes a release of the 
carbon dioxide which has been absorbed by 
the alkaline solution in the scrubber. The 
released carbon dioxide at a rate of 1100 95 
standard cubic metres per hour and the steam 
which is not condensed in the regenerator 
flow together through a conduit 54 to a 
cooler 55, where they are cooled and the steam 
is condensed. From the cooler, the carbon di- 100 
oxide, which is under a slight superatmo- 
spheric pressure of about 100 to 500 milli- 
metres water is passed through a conduit 
56 to a compressor 57, where it is com- 
pressed to 11 kg.sq./cm. superatmosphenc 105 
pressure and then flows through the conduit 
58 into the conduit 1, where it is mixed 
with the feed gas. . 

The absorbent solution which drains from 
the regenerator through a conduit 59 and 110 
has been freed to a high degree from carbon 
dioxide is fed by a pump 60 through a con- 
duit 61 to the heat exchanger 50, where it is 
precooled, by a heat exchange with the "laden" 
solution. The regenerated solution then flows 115 
through a conduit 62 to a cooler 63, where it 
is cooled to the scrubbing temperature of 
about 45° C, and thereafter through a con- 
duit 64 into the scrubber. 

Example 2 120 
In this Example, the plant and the opera- 
tion thereof are substantially the same des- 
cribed in Example 1, with the exception that 
the platinum-containing catalyst 27 is omitted. 
Flashed-off gas discharged at a rate of 280 125 
standard cubic metres per hour by the tneth- 
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anol distillation plant, and dimethyl ether at 
a rate of 75 kilograms per hour, are burnt 
with the aid of air, which is supplied to 
the combustion chamber at a rate of 2180 

5 standard cubic metres per hour by aspirating 
burners. When the process is controlled in 
the same manner in other respects^ the rate 
of flue gas increases from 25,600 standard 
cubic metres per hour to 28 07 ! <raid lr i ' 

10 metres per hour and the temperature of die 
flue gas rises to 525° C. The flue gas con- 
tains oxygen and has the following composi- 
tion:— 

CO; 8.2% by volume 

15 O. 1.7% by volume 

N B 71.8% by volume 

H 2 0 18.3% by volume 

Just as in Example 1, this flue gas is cooled 
to about 150° C. by a transfer of heat to 

20 boiling water in the waste heat boiler 28 
and to the combustion air in the air preheater 
22 and flows through the conduit 37 to the 
flue gas blower 38. 
Of the flue gas stream of 28,070 standard 

25 cubic metres per hour, a stream of 14,320 
standard cubic metres per hour is discharged 
through the conduit 39 to the atmosphere. 
The remainder, consisting of 13,750 standard 
cubic metres per hour, flows through the con- 

30 duit 40 to the cooler 41, where die flue gas 
is cooled and the steam contained therein is 
condensed. When the steam has been separ- 
ated, the remaining flue gas stream of 11,240 
standard cubic metres per hour has the fol- 

35 lowing composition : 

CO, 10.0% by volume 

0 2 2.1% by volume 

N- 87.9% by volume 

and flows through the conduit 42 to the 
40 blower 43, where the presure of the flue gas 
is increased by 900 millimetres water. The 
flue gas flows subsequently through the con- 
duit 44 into the scrubber 45, where the 
absorbent solution trickling down absorbs 
45 carbon dioxide at a rate of 1100 standard 
cubic metres per hour. The remaining gas 
flows through the conduit 46 to the atmo- 
sphere. The solvent cycle regeneration and 
recirculation of carbon dioxide to the feed 
50 gas in the conduit 1 are as described in Ex- 
ample 1. 

In both examples, the absorbent consisted 
of an aqueous solution of alkali metal salts 
of simple amino acids (" Alkazid "). 
55 The oxygen-containing flue gas of Example 
2 caused changes of the absorbent by oxi- 



dation resulting in a loss of 3.5 kilograms 
absorbent per hour, and required a corrosion- 
resisting carbon dioxide recovery plant. 

Also, d^ waste heat boilers contained in 60 
the flue gas duct produce about 30% less 
steam than in Example 1, the carbon dioxide 
partial pressure in the flue gas is lower by 
11% and, consequently, the circulation of 
absorbent in the carbon dioxide recovery plant 65 
is higher by 11% so that the power require- 
ment of the compressors and pumps is in- 
creased. From the above, it can be calculated 
that the low concentration of oxygen in the 
flue gas involves an increase in operating cost 70 
by about £2 12s. Od. per hour. This corres- 
ponds to about about £21,000 in 8,000 stream 
hours during one year. 

WHAT WE CLAIM IS: — . 

1. A process for producing methanol syn- 75 
thesis gas, wherein a normally gaseous hydro- 
carbon is cracked with steam and carbon di- 
oxide in a cracking furnace, and wherein the 
carbon dioxide to be introduced into the 
cracking process is recovered from the flue 80 
gas of the cracking furnace when said flue gas 

has been treated to be fre e of oxygen, the 
carbon dioxide being introduced into the co- 
acting process in an amount such as to pro- 
vide an H ; :C mole ratio of at least 2. 85 

2. A process as claimed in Claim 1, where- 
in a reaction betwsn the free oxygen con- 
tained in the crude flue gas and combustible 
gases or i i (uced into the same is 
induced thermally or by catalysts which con- 90 
tain platinum or another platinum group 
metal. 

3. A process as claimed in Claim 2, where- 
in combustible gases which are introduced 
into the crude flue gas for reaction with the 95 
oxygen comprise residual gases of high-car- 
bon content from the synthesis of methanol 
and/or a succeeding distiDation of methanol. 

4. A process according to Claim 2 or 3, 
wherein a combustible vapour which is intro- 100 
duced into the crude flue gas comprises di- 
methyl ether, which is formed in the syn- 
thesis of methanol and recovered by a suc- 
ceeding distillation of methanol. 

5. A process as claimed in any one of 105 
Claims 1 to 4, wherein carbon dioxide is 
recovered from the flue gas by scrubbing the 

flue gas with an organic base or an aqueous 
solution of an organic base or of an alkali 
metal salt of a weak organic acid. no 

6. A process as claimed in any one of 
Claims 1 to 5, wherein a partial stream of the 
flue gas exhausted from the cracking furnace 
ts treated to be free of oxygen and is pro- 
cessed to recover carbon dioxide. H5 



7. A process for producing methanol syn- TREGEAR, THIEMANN & BLEACH, 
thesis gas substantially as hereinbefore des- Chartered Patent Agents, 

cribed with reference' to the accompanying Melbourne House, Atdwych, 

drawing and/or in Example of the foregoing London, W.C.2. 

Examples. ' Agents for the Applicants. 
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